The Mg/Ca and Sr/Ca ratios were determined for Porites lutea specimens that were collected from Koh Chueak, Surat Thani Province, Thailand, using inductively coupled plasma optical emission spectrometry. The ele mental analyses were performed from the surface to the interior of the coral specimen along its growth axis at 
Introduction
Massive corals incorporate a variety of trace elements in their skeletons, and the contents of the elements vary with the marine environment in which the corals were formed (Smith et al. 1979) . Mg and Sr have long residence times in seawater that result in relatively constant Mg/Ca and Sr/Ca ratios (Swart 1981; Beck et al. 1992) . In ad dition, the coral skeletons provide information regarding the paleoclimate through the evaluation of Sr/Ca and Mg/ Ca ratios as proxies for the sea surface temperature (SST) (e.g. Shen et al. 1996; Wei et al. 2000; Cardinal et al. vious studies indicated that Mg/Ca had a good positive relation with SST. Mitsuguchi et al. (1996) derived the
Mg/Ca thermometry based on the investigation of Mg and
Ca with ICPAES. Wei et al. (2000) implied that coral Mg/Ca from Hainan Island, South China Sea, is a valid SST proxy with a precision better than ±0.5℃.
For paleoclimate reconstruction, it is necessary to ex tend the SST record back several years to produce a database for the SST reconstruction. Massive corals, such as Porites sp., live up to 300-500 years or more, and be cause their growth rate is commonly in the order of 1-2 cm/yr (Knutson et al. 1972; Buddemeier et al. 1974; Dodge and Thomson 1974; Mitsuguchi et al. 2003) , it is possible to retrieve highresolution (weekly to monthly) SST records from their Mg/Ca and Sr/Ca ratios, whereas the instrumental record is very imprecise at this time scale. In Thailand, SST data have been rarely recorded, and few paleoclimatic studies have been performed. The aim of this study is to study the correlation between the Mg/Ca and Sr/Ca ratios of coral skeletons and the SST of Koh Chueak, Surat Thani Province, Thailand.
Materials and methods

Study site
The study site was located in Koh Chueak (9º25′N, 99º40′E) in the northeastern region of Surat Thani Pro vince, -10 km, -27 km, and 40 km from the Amphur Donsak coast, Koh Samui, and the Tapi estuary, re spec tively (Fig. 1) . The climate data were not recorded at Koh Chueak but were obtained at a nearby meteorological station (Fig. 1) . The climate records from the Thai Meteo rological Department showed that the annual mean air temperature in the region averaged 27.9±0. 3℃ (1σ 1981-2010) . The annual mean precipitation averages were (Fig. 2) . The mean minimum SST in January was 27.7±0.4℃, whereas the mean maxi mum SST in April was 30.3±0.1℃.
Coral sample
In August 2009, the massive Porites lutea colonies with a size of ＞30 cm in diameter was collected at a depth of approximately 2 m using a hammer and a chisel. The coral sample was rinsed and soaked in distilled water at room temperature in plastic boxes for 24 hr and was dried in clean plastic boxes for several weeks. The sample was cut along its longitudinal axis using a circular rock saw to produce 5 to 7mmthick slabs. To remove surface con tamination, the coral slab was cleaned ultrasonically using a large amount of distilled/deionized water and were dried in an oven at 60℃ for 24 hr (AlRousan et al. 2007 ). The
coral slab was Xrayed with Philips Optimus at Mahidol
University's Veterinary Medical Center before analyses.
Exposures were made at 46 kV, 2.0 mA for 2 sec, with a sourcetofilm distance of 100 cm to reveal the extension rates. Each couple of high/lowdensity band represents an annual extension rate, and the upper was assigned to the date of collection (2009). The extension rates were directly measured along the major growth axes from the computed radiography.
Analytical methods
The chemical treatment and analysis were basically followed by a previous study (Mitsuguchi et al. 2003) . For the analysis of the Mg/Ca and Sr/Ca ratios, microsamples of P. lutea, each weighing 2-3 mg, were collected manu ally at 1.0 mm intervals using an etching needle; the cross section of the microsampling plane measured approxi mately 1.5×1.5 mm. The samples were treated sequen tially with 1 ml of distilled/deionized (DDW) water at room temperature (20-25℃), 1 ml of 4 mM HNO3 at room temperature (20-25℃) and 1 ml of 30% H2O2 at 60℃.
The treatments were performed in acidcleaned 5ml glass vials and were subjected to ultrasonic agitation for 15 min. At the end of each treatment step, the vials were cen trifuged (15 cm radius at 2,000 rpm) for 10 min, and the supernatants were carefully removed by siphoning using a micropipette. The treated microsamples were dried in a vacuum desiccator at 60℃ for at least 6 hr without a dry ing agent (Mitsugushi et al. 2003) . The microsamples 
Results
Skeleton extension rates
According to the Xradiograph, the annual extension rate increments range from 12.5 to 19.5 mm. The mean annual extension rate of 14.7 mm/yr is similar to the coral extension rates from the Pulau Tioman, Malaysia (Lee and Mohamed 2009), and Timor, Indonesia (Cahyarini et al. 2008) , which grew at rates of approximately 14-20 mm/yr. The average sampling interval for the subsamples was about 1.0 mm, which corresponded to the temporal resolution of the data that vary approximately from 3 to 4 weeks. Dark (high density) and light (low density) bands were shown within the annual extension in the Xradio graph (Fig. 3) . (Fig. 4) , in the range of approximately 27.0℃-28.0℃, and the lowest SST occurred in 2009.
In this study, sixtyfive P. lutea subsamples were anal yzed from a coral. The Mg/Ca and Sr/Ca ratios exhibited seasonal variations, ranging from 3.53 to 4.30 mmol/mol and from 8.74 to 9.14 mmol/mol, respectively (Fig. 4) . Previous studies have confirmed that the Mg/Ca and Sr/ Ca ratios are predominantly controlled by the SST and are suitable for the reconstruction of SST for the past (e.g. Beck et al. 1992; McCulloch et al. 1994; Shen et al. 1996; Mitsuguchi et al. 1996; Alibert and Mcculloch 1997; Swart et al. 2002) . To confirm a characteristic of the var iations observed in the Mg/Ca and Sr/Ca ratios, a scatter plot of the two variables was analyzed using a linear regression. Because there was a difference in the timing of annual maximum and minimum of the Mg/Ca and Sr/Ca ratios (Fig. 4) , the scatter plot showed a weak correlation between the Mg/Ca and Sr/Ca ratios (Fig. 5) , yielding a regression line with a value of r＝0.61.
Calibrations of coral Mg/Ca-SST and Sr/Ca-SST
To calibrate the Mg/Ca and Sr/Ca ratios against the SST, a leastsquares regression analysis was performed using the annual maximum and minimum values in this study. This calibration procedure is followed by a number of studies (e.g. Gagan et al. 1998; Cardinal et al. 2001; Sun et al. 2004; Deng et al. 2009 ) that have established calibrations using not only the extreme values but also the other interpolated values, based on the assumption that the extension rate of coral skeletal is constant between the extreme values (e.g. Mitsuguchi et al. 1996; Shen et al. 1996) . However, this assumption could be applied in very limited cases because the skeletal extension rate generally changes in response to seasonal environmental fluctua tions; therefore, only the extreme values were used to calibrate the Mg/Ca and Sr/Ca thermometers.
The following calibration equations for the Mg/Ca and Sr/Ca ratios and SST were obtained ( (Fig. 7) . These variations can be ex plained by differences in the minor element composition of the seawater (e.g. Shen et al. 1996; Sun et al. 2005) . Reynaud et al. 2007 ). Mitsuguchi et al. (2001) and Mitsuguchi and Kawakami (2012) reported that, in addition to chemical treatment, distilled deionized water (DDW) resulted in small decreases in the Mg/Ca ratio, which increased following treatment with H2O2 and HNO3, whereas the Sr/Ca ratio exhibited little variation through out the sequence of treatments.
In this study, other factors that generate the discrepancy of the Mg/Ca and Sr/CaSST calibrations cannot be iden tified because of no sufficient data or information re 
Conclusions
The Mg/Ca and Sr/Ca ratios (AD 2004 (AD -2009 For future studies, the retrieval of longer coral cores from the area is recommended to establish a more accurate SST reconstruction. Fig. 8 Comparison of monthly average salinity to the monthly precipitation records. Salinity data are from the National Climate Data Center of NOAA (9.5N, 100.5E) and precipitation data from Koh Samui station (AD 2004 (AD -2009 , 27 km from this study site
